The first total synthesis of (-)-aplysiallene has been completed in 16 steps, and features a key sequential Mukaiyama aerobic oxidative cyclization to prepare the fused bis-THF core. The original stereochemical assignment has been revised as shown.
report the first asymmetric total synthesis of aplysiallene and provide evidence for its structural revision. 6 It was envisaged that the R-bromoallene substituent could be prepared from the corresponding R-propargyl alcohol 2a, which in turn should be accessible by an antiselective alkynylation between aldehyde 3 and trimethylsilylacetylene. 7 Although we are unaware of precedence for the direct introduction of the bromodiene subunit, a plausible derivation could be from alcohol 4, which would be stereoselectively prepared by sequential oxidative cyclization 8 of the known (R,R)-diol 5.
The synthesis began with reaction of (S,S)-diepoxybutane 6 with vinyl magnesium bromide in the presence of CuBr to give the (S,S)-diol ent-5 in 72% yield. Note the stereochemistry of ent-5 is opposite to that required for the reported natural product, so this should in principle lead to a synthesis of ent-1. While the isolated yield of 13b was only 35%, the dienes 13a and 13b were separable by flash chromatography on gram scale, and unwanted 13a can be recycled by ozonolysis followed by a NaBH4 work up to give alcohol ent-4 in 53% yield. In contrast, attempted conversion of 13a directly into 9 by ozonolysis with a PPh3 work up resulted in complete decomposition of 13a.
With the bromodiene side chain at hand, deprotection of the silyl ether 13b by treatment with TBAF followed by Swern oxidation afforded the highly labile aldehyde ent-3 (81%, 2 steps), which was used immediately in the following addition step. As expected, alkynylation of ent-3 with the titanium acetylide of trimethylsilylacetylene (generated in situ with nBuLi and ClTi(OiPr)3) gave ent-2 (13) Initial efforts were undertaken to furnish the bromodiene side chain on a model system by a one-step olefination strategy, but such reactions under various conditions consistently gave low (20~30%) yields consisting of mixtures of all four olefin isomers. and 2b as an inseparable 4:1 anti:syn mixture in 81% combined yield. 7,10a, 15 The mixture of isomers was treated with TBAF to give the corresponding propargyl alcohols, which were converted to trisylates 14a and 14b (90%, 2 steps). In the final step, the trisylates were displaced with LiCuBr2 gave allene ent-1 and a trace of diastereomer 1b. 16 However, a comparison of the 1 H and 13 C NMR of ent-1 with the data reported for the natural product revealed several inconsistencies (Table 1) . Specifically, in the 13 C NMR carbons C2, C3 and C4 (Figure 1) were off by +/-0.3 ppm, and in the 1 H NMR the two allene protons were off by +/-0.02 ppm. The absolute S configuration of the allene in ent-1 was confirmed by the strong positive optical rotation 3 ([α]D = +166°, CHCl3). Taken together these data suggested that the reported structure must be incorrect. In this regard, examination of the 1 H and 13 C NMR from minor isomer 1b appeared to be a match, 17 so efforts were undertaken to prepare 1b as the major isomer.
The most direct approach to prepare 2b, the syn epimer of ent-2, would be a syn-alkynylation of aldehyde ent-3. However, we found that Carreira alkynylation 11b,18 of a model THF-2-carbaldehyde with trimethylsilylacetylene gave consistently low yields despite optimization efforts. Attempts to form the propargyl trisylate 14b directly from ent-2 with inversion of stereochemistry under Mitsunobu conditions were unsuccessful, 19 although Kim and co- workers recently reported a similar reaction. 20 Ultimately, the desired syn diastereomer was secured by subjecting ent-2 and 2b to classic Mitsunobu conditions that afforded propargyl p-nitrobenzoates 15a and 15b, which were separable by flash chromatography (Scheme 4). Treatment of 15b with K2CO3 in MeOH resulted in global deprotection to the isomerically pure propargyl alcohol 16b. Finally, 1b was obtained after trisylation and subsequent reaction with LiCuBr2 (47%, 2 steps). The 1 H and 13 C NMR spectra, optical rotation and mass spectrum fragmentation pattern of 1b were an exact match to the reported data for the natural product.
In summary, the total synthesis of (-)-aplysiallene has been completed in 16 steps in 2.3% overall yield. Synthetic highlights include the first application of a Mukaiyama aerobic oxidative cyclization to form the cisfused 2,6-dioxabicyclo[3,3,0]octane skeleton, and the use of the Smithers reagent to secure the bromodiene side chain. Moreover, the stereochemistry of aplysiallene is unambiguously reassigned to 1b.
